Introduction
The electrical conductivity of silver iodide is of the order of 10~5 ohm -1 cm -1 at room temperature 1 . This compound undergoes a phase transition at 146 -147 °C above which its ionic conductivity becomes abnormally high 2 , i. e. of the order of 10° ohm -1 cm -1 . This high temperature modification, technically known as a-Agl, has been put to a number of applications, particularly in solid state electrochemical cells [3] [4] [5] . It could not find commercial applications because its conductivity at room temperature is relatively poor. The structural determinations 6 ' 7 of both phases of Agl prompted workers in the field to develop electrolytes which may have the a-Agl type structure and corresponding conductivity at room temperature. Considerable success in this direction has been achieved in investigations on Ag3SI, Ag2HgI4, MAg4I5 (M = K, Rb and NH4), Ag6I4W04, [ (CH3)4N]2Ag13I15 etc. besides a few other salts which are not silver ion conductors. These solid electrolytes have ionic conductivities in the range 10 -1 to 10 -2 ohm -1 cm -1 at room temperature. The highest conductivity (0.25 ohm -1 cm -1 at 27 °C) has been found in RbAg4I5. All these electrolytes are prepared starting from Agl i. e. Agl is used as the mother salt.
Therefore, in the frame of our regular studies on high conductivity solid electrolytes [8] [9] [10] , it was planned to study again the electrical conductivity and thermoelectric power (0) of solid Agl. The electrical conductivity has already been studied by * Present Address: Department of Physics, Ravishanker University, Raipur, M. P., India.
many workers 1 > 2 ' 6 > 7> 12 . The thermoelectric power (0) has also been studied 13_16 , but in all cases but one 15 only above the phase transformation temperature (146 °C). Previous studies of the thermoelectric power of a-Agl show some disagreement concerning the temperature dependence 13~16 , and only two points are included in the previous investigation 15 on ß-Agl. The authors have chosen different approaches for analysing their results.
In this work, measurements of the electrical conductivity and thermoelectric power of both phases of Agl are reported. The results on 6 for ß-Agl are analysed using the thermodynamical treatment of Howard and Lidiard 17 . The same treatment, modified for a pure cationic conductor 8 with a cationically disordered structure (CDS) in contact with its cationic metal electrodes, has been applied on a-Agl. It is shown that in both cases 6 is a linear function of 1/T, the slope giving 1/e times [q\e + + hj2) and qüg + for ß-and a-Agl respectively, where is the heat of transport of the Ag + ion, h is the heat of formation of a Frenkel defect pair in ß-Agl and e is the electronic charge. The reliability of the obtained heat of transport in a-Agl is checked by comparing the activation energies of electrical conduction in cationically disordered solids with their corresponding heats of transport. Experimental 99.9 percent pure Agl was used without further purification. The powdered sample was pressed into cylindrical pellets (area = 1.8 cm 2 , thickness ~ 5 mm) using a steel die and a hand press (AMIL, India).
The conductivity was measured with a systronics (India) conductivity meter operating at 2 kHz. Our previous cell 8 was used for the thermoelectric measurements. The temperature of the two surfaces of the pellet was measured by a pair of iron-constantan thermocouples welded to the back of the silver electrodes. A silver wire was welded to each silver electrode to be used as the lead for the thermoelectric voltage. The temperature difference across the silver electrodes was assumed to be negligible in comparison to the 15 -20 °C temperature difference across the sample. The variation of the thermal emf with the temperature difference (zfT) was found to be linear. All voltages were measured using a vernier potentiometer (OSAW, India) and a galvanometer as a null detector.
Results and Discussion

a) Electrical Conductivity
It was measured on the same pellet as the thermal emf. Table I gives the conductivity at a few temperatures. The activation energy as calculated from the linear plot of logo vs l/T has been found to be 0.38 eV for conduction of Ag + ion in ß-Agl. According to recent measurements of Takahashi et al. 1 , silver iodide is a mixture of the y and ß phases at respectively, where T is the absolute mean temperature of the sample, nAg + and N are the numbers of mobile Ag + ions and normal sites per unit volume respectively, qAg + is the heat of transport of the Ag + ion, ff\g + is the work required to bring a cation from a state of rest at infinity into a particular (but arbitray) interstitial position in the crystal at constant temperature and pressure and sa| + is the partial entropy of the Ag + ion in silver metal.
Adding Eqs.
(1) and (2), we get the following expression for total thermoelectric power (0)
where
(a) 0 of a-Agl: Equation (3) shows that thermoelectric power ( -0) is linear in T~x if H is independent of temperature. Concerning the second term in H, the low activation energy indicates that the number of Ag + ions (r*Ag + ) P er un it volume in a-Agl is almost temperature independent. Also, the first and third terms in the expression for H are small and such that an increase of one of them is nearly compensated by a decrease of the other 8 . Thus the term H can be considered as temperature independent, though it is an approximation.
Our experimental plot of (-0) vs. l/T (Fig. 1) is within experimental error a straigth line represented by the equation The thermoelectric properties for a number of double salts possessing pure cationic conduction and 'CDS' have been studied, besides us, by Takahashi et al. 20 and Magistris et al. 16 . The only clear deviation from a linear l/T relation for 0 is found for a-Ag3SI, which is known to possess appreciable electronic conduction at higher temperatures. In Table II conductivity. These two entities tend to be equal. This is to be expected if the mobile cations are in a 'free ion like state' 19 . Rice and Roth 19 have recently developed a theory for 'super ionic conductors' which predicts that -e 0hOm = e /T. As can be seen from the relations quoted here, our study and three previous ones [14] [15] [16] agree fairly well at low temperatures (150 -200 °C). At high temperatures (>200°C) there is good agreement between Mogilevskii et al. and our values, extrapolated while two other studies give lower values for the thermoelectric power.
b) Thermoelectric Power of ß-Agl
yS-Agl can be considered as a normal salt much similar to AgCl and AgBr, therefore the term H in Eq. (4) will be temperature dependent as considerable energy is required to form a Frenkel defect pair. The number of interstitial silver ions («Ag + ) in /?-AgI may be given by
where h is the heat of formation of a Frenkel defect pair and N' is the number of interstitial sites per unit volume available to an Ag + ion. Since N and The thermoelectric power in this case again is linear in T~1, the slope of the 6 vs. l/T plot giving 1 je times (^Ag + + h/2). Thus the considerable energy required for the formation of a defect increases the slope of the 6 vs. l/T plot by A/2. Our result for ß-Agl (Fig. 1) is, within the experimental error, a straight line expressed by the equation The only previous measurement of 6 on ß-Agl is due to Mogilevskii et al. 15 . They reported Q&g + = 0.45 eV for the overall cation heat of transport in ß-Agl (the overall cation heat of transport, Qlg + > appearing in Holtan's treatment 16a is related with the heat of transport, ^Ag + , by the equation in its simplest form, Qlg + = q&g + + h/2). Thus the slope of the G vs. l/T plot [Eq. (7)] is directly Q^, and our result is Q\g + = 0.351 eV, which is 22% lower than their 15 value (0.45 eV), primarily because they have measured 6 about 17% higher than we, and secondly because of the different methods of analysis. They 15 obtain Qlg + from Eq. (7) by substituting the calculated value for the sum 5 [Eq. (8) ] and using the observed value of 6 at a particular temperature T while we obtained it from the slope of the 6 vs. l/T plot. Thus our result seems likely to be more reasonable even when the
